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INTERROGATOR-RESPONDER SIGNALLING
' SYSTEM

. Robert A, Kleist, Sunnyvale, and Clarence S. Jones, Los

Altos, Calif.,, assignors to Genoral Precision, Ine.,
Binghamton, N.Y., a corperation of ‘Delaware
Filed Feb. 15, 1960, Ser. No. 8,557
2 Claims.  (Cl. 340—171)

This invention relates to interrogator-responder signal-
ling systems, and more particularly, to an improved
system employing transmission of a single sidcband modus.
lated signal to a passive responder which provides a coded

response signal, which js coherently detected at or pear
the trausmitter site. Appl. Ser. No. 739,909, filed June
4, 1958, by Clarence S. Jones for “Signalling System”
and assigned to the same assignee as the instant inven-
tion, discloses an improved interrogator-responder system
capable of electronically transmitting data between an
interrogator device and one or more responder devices,
where relative motion may occur between the interro-
gator device and each responder, so that signals may be
provided from the responder which uniquely identify the
responder, and, or instead, indicate one or more condi~
tions associated with the responder. Ove exemplary dis-
closed application of the prior invention is the use of
passive responder devices on vehicles, such as railroad
box cars, for the purpose of identifying each car as it
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rasses along a track adjacent to which an interrogator

unit is located. The interrogator unit is essentially a
transmitter-modulator connceted to supply an interro-
gator signal on an interrogator frequency to an interro-
gator output conductor which is located near or under
the railroad tracks. When a boxcar carrying a responder
approachcs and passes over the interrogator coil, operat-
ing voltage of sufficient magnitude is induced in the re-
sponder to cause emission by the responder of a coded
response signal on a response frequéncy differing in fre-
quency from the inferrogator frequency. A response
pickup “coil located near the fnferrogater coil and tuned
to the response frequency picks up the response signal,
which cousists of a radio frequency carrier having a
plurality of audio frequencies modulated thereon, Each
individual responder is designed so as to use a unique
and different set of audio frequencies in modulating its
response cartier, so that detecting and decoding a re-
sponse signal may serve to identify a responder. Appara-
tus of the above-described type is marketed under the
trademark “Tracer” by the assignee of this application.
Due to a number of reasons considered in detail in
previous applications, the described apparatus is more
accurate and reliable than prior systems and far less sus-
ceptible to noise than prior systerns. The system also has
much greater inherent “system capacity” without equip-
ment duplication and with minimum bandwidth, and thus
is economically superior to prior systems, System
capacity refers to the number of different responders be-
tween which the system can distinguish. The present in-
vention is an improvement over prior systems in that it
provides systems of evén greater accuracy and reliability
which are even further less susceptible to noise. Any
system which is more immune from noise than another
system may be designed to use less power and/or band-
width while still providing equal accuracy and reliability,
One main feature of the present invention which allows
increased. accuracy is coherent detection, Coherent de-
tection itself is widely used in missile commuanications and
various other applications; and, in fact, appl. Ser. No.
850,828, filed November 4, 1959, by Robert A, Kleist
for “Signalliug System” illustratcs various ways. in which
coherent detection may be utilized in interrogator-re-
sponder sighalling systems of .ne above-described type.

30

35

40

45

55

Go

85

70

2

-“The previously proposed interrogator-responder systems
using coherent detection, however, ail have contemplated -

use of double sideband interrogation transmission and
relatively complex response receiver ‘circuits, The use
of single sideband techniques allows great Increase in
system: capacity and/or a great reduction in required

bandwidth and power. The present invention allows use -

of coherent detcction in a single sideband system that is
notably simple, inexpensive and foolproof, and the
present system allows the use of improved single sideband
transmitter and responder circuits.

FIG. 1 is an electrical schematic diagram partially in
block form illustrating an exemplary embodinent of the
invention, ‘

FIG. 2 is a spectrum graph illustrating the character-
istics of a typical interrogator signal developed by the
interrogator unit of the invention. )

Shown in FIG. 1 within dashed lines are the ‘three
major sections of the system, the interrogator unit being
shown at 101, a typical responder unit at 108 and the
Tesponse receiver at 111, Though shown as scparate
sections in the drawing due to their separate functions,
the interrogator unit and receiver units may be mounted
principally on the same chassis, if desired, in many em-
bodiments of the invention. . :

The interrogator unit 101 is shown as comprising an
improved form of single sideband interrogator transmit-
ter unit of a type described in detail and claimed in the

copending application Ser. No. 15,597 filed on even date

herewith by Robert A. Kleist for “Signalling System”
and assigned to the same assignee zs the present inven-
tion. The transmitter comprises a radio frequency carrier
oscillator 102 which provides a carricr signal of frequen-
¢y fo, and a plurality of sideband oscillators, three of
which (103, 104, 105) are shown in FIG. 1. Many
more than three sideband oscillators may be provided,
however, and oaly three are shown solely for saké of
convenience. Carrier oscillator 102 and each of the
sideband oscillators are preferably crystal controlled at
fixed respective frequencies, the first sideband oscillator
103 being set at frequency ( fo-+-f1}, the sccond sideband
oscillator 104 being set at frequency (fy--fi), ete., with
the carrier frequency fo and each sideband frequency
being applied through a respective scaling resistor (R~1,
R-2, R-3, R4) to a signal summing device shown as
comprising a conventional feedback amplifier U-i, having
a feedback impedance R—5, The siznal output voltages
from the different oscillators and the scaling resistoss are
proportioned relative to each other so as to provide a
desired modulation pattern. If ten sideband oscillators
are utilized, a swm signal such as that jilustrated graphi-
cally in FIG. 2 may be provided. The sum sigoal output
from summing circuit U~1 corresponds in nature to the
ountput of a conventional single sideband transmitter.
This signal output is amplified in linear power amplifier
106 (kept fairly Yinear in order to preserve rclative side-
band amplitudes) and applied to interrogator output or
power-inducing coil 197, establishing a signal ficld at a
certain identification zone along the railroad trazks, so
that any responder coming within the effective identifica-
tion zone will be excited by the interrogator signal. It
will be seen that the lisclosed traosmitter arrsngement

“allows provisior ot . single sideband signal without use

of a modulator, 1wy 3ze‘exclusively of radio frequiency
oscillators, whet = ; vic r siagle sideband systems required
aundio oscillators and r odulators, . ’
The responde: 184 Ml sstrated in FIG, 1 is shown as in-
cluding an input tuncd circuit 109
L-1 and capacitor C-1, which is tuned to reccive the
carrier and all sideband frequencies of the interrogator sig-
nal. Connected to tuned circuit 103 is a coding network
shown as comprising two crystal filters F—1 and F-2, each
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of which are provided with an individual series-resonance

' ~ frequency corresponding to a different one of the ten side-

band frequencies of the interrogator signal. The crystals
serve to short tuned circuijt 109 at ibe two sciected fre-
quencics, so that the voltage induced in the responder and
present between points A and B will contain compsnents
of the carrier frequency £, and ali interrogator sideband

- frequencies other than the two trapped out by the filters

F-1 and F-2. Upon demodulation, by the demodulator
shown as comprising diode X~ and capacitor C-2, acom-

posite voltage exists between points C and D having all

components fy, fs, etc., up to fn (except for the two filtered

out) superimposed upon a direct component resulting

from detection of the carrier., The composite voltage is
applied as shown to operate a response oscillator com-
prising transistor T-1, tuned circujt 119, tickler coil 1-3,
resistor R—6 and capacitor C-4. The composite voltage
is applied through tank circuit 110 across the collector-
emitter circuit of transistor T-1, so that the audio compo-
nents not filtered out are modulated upon the carrier pro-
fduced by the response oscillator, ‘While two filters are
illustrated as the coding means in FIG. 1, it will be un-
derstood that some responders may use only one filter,
while others will use many more, and different respond-
ers may use filtera of different sideband frequencies, in
order that a large number of responders may be coded
differently, if desired. . :

The response signal emanating from responder 108
while it is operated by the interrogator signal is picked
up in response pickup coil 112, which may be located
very mear interrogator coil 167. The picked up response
signal is amplified, if desired, by amplifier 113 ang then

applied to a plurality of conventional synchronous detec- )

tors, such as 117, 118 and 119. A separate synchronous
detector is provided for each sideband frequency utitized
in the system. The output signals of carrier oscillator 102
and each of the sideband oscillators are routed to a plu-
rality of conventional mixer circuits, such as 114, 115, 116,
a separate mixer circuit being provided for each sideband
frequency utilized in the system. Bach mixer circuit
heterodynes the carrier and one sideband frequency to
obtain their difference, and the difference frequency out-
put from each mixer as applied as one input of a respective
synchronous detector. For example, carricr frequency f,
and sideband frequency (fo-+-f1) are combined jn mixer
114 to provide a difference signal of frequency f,, which
is applied as one input to synchronous detector 117, to ba
compared with any componcents of fy frequency present in
the amplified received signal from amplifier 113. Since
the phase and frequency of each lower frequency modu-
lated on the response carrier depends directly on the phase
and frequency relationships between the original carrier
and original sideband oscillator frequencies of the interro-
gator, application of the original signals to mixers to de-
rive difference reference signals for the synchronous de-
tectors will allow the synchronous detectors to reject as
noise any components of the amplificd response signal
which do not have proper phase and frequency relation-
ships to the original signals. -Mixing of the carrier signal
Jo with any sideband frequency provides sum and difier-
ence frequencies as well as the carrier frequency and the
sideband frequency, and as well as various other modula.
tion products. All other frequencies produced by the
mixer, however, will be mucih higher than the differcnce
frequency, so simple add inexpensive low-pass RC filter
means may be usad to filter out all but the dasired differ-
ence frequency component.  Such low-pass filters are
shown separately in FIG. 1 at 131, 132 and 133, but in
maay embodiments they will comprise, at least in part,
merely load resistance and stray capacity, The olttput

signais from the synchronous detectors cn gonductors 120, .
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121, 122, etc., form a parallel digital signal; The voltage
on cach conductor may be applied through a respective
low pass filter and Tectified, if desired, and used to operate
arespective stage of a register.

The output signal of amplifier 113 also may be applied
to a further demoduiator (not shown), such as a conven-

R e g

- tional radio receiver AGC circuit, to derive an automatic
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gain control potential commensurate with received signal
streagth. The AGC potential may be compared with a
reference by means of a difference detector or threshold
detector (not shown) which in turn may control the gain
of amplifier 166, the condition of gating circpits (not
shown) conaected between conductors 120-122 etc., and

the register, and circuitry (not shown) adapted to provide .
register clearing pulses, in the manner disclosed in appl.

Ser. No. 738,509,

It will thus be seen that the objects set forth above,
among those made apparent from the preceding descrip-
tion, are eflicicntly attained, and since certain changes may
be made in the above constructions without departing
from the scope of the Invention, it is intended that all mat-
ter contained in the above description or shown in the ac-
companying drawing shall be interpreted as illustrative
and not in a limiting sense. L

Having described our invention, what we claim as new
and desire to secure by Letters Patent is: ) -

"~ L An interrogator responder signalling system, com-
prising in combination; a transmitter unit for providing an
interrogator siznal comprised of an interrogator carrier
component aud a first plurality of discrate sideband com-
ponents, said transmitter unit including a carrier fre.
quency generating means, a plurality of sideband fre.
quency generating means and interrogator output circuit
means for combining said signal components and emijtting
said interrogafor signal; a responder unit movable relative
to said transmitter unit, said responder unit having re.
sponise signal generating means operated by said interro-
gator signal whenever said units are within a selected dis-
tance from each other, to provide a coded responss signal
comprised of a response carrier component differing in
frequency from said interrogator carrier component and 2
secord rplurafity of discrete sideband components; and
response receiver means for receiving said coded respoass
signal, said receiver means incleding a plurality of mixer
circuits equal in number to said first plurality of discrete
sideband components; circnit means connecting the carriar
frequency signal from said carrier frequency generating
means of said transmitter unit to each of said mixer cir-
cuits, further circuit means connecting the sideband fre-
quency signals from said ‘sideband frequency generafing
means to respective mixer circuits, thereby to derive a
plurality of difference frequency signals from said mixer
circuits; and a plurality of synchronous detector circuits,
each of said synchron_ous detector circuits being connected

difference frequency signals, .
2. Apparatys according to claim 1 in which each of

said discrete sideband - components differs jn frequency

from said interrogator carrier compouent by different
amourt, and in which sajd Tesponse signal generating
means provides a coded response signal havirg double
sideband modunlation, each of said synchronous detectors
being operable to detect only one of each pair of sideband
components of said coded response signal,
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